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ABSTRACT 

The currant atata ol knowledge about «ttploy»ent inpacts oi' solar varauit 
conventional tachnologiaa ia uaad to make quantitative and qualitative 
compariaona of these iapacts across technologies. For purposes of 
quantitative comparison^ enployMnt requireMhts are standardised to 
employee effort per unit energy per year of operation* Thaise current 
quantitative enployMnt. estimates show solar technology induced employ** 
ment. to generally be greater than for conventional technologies. The 
qualitative discussion focuses on the relative site and apatial distri- 
bution of the varioua technologiea, concluding that the effects of so- 
lar are more positive than for conventional facilities because of 
•mailer size, dispersed locations, and gradual implemtntaticn. 



INTRODUCTION 

Increased employment has been postulated as one of the significant sec** 
ondary benefits of r shift from conventional to aolar energy use. Rt-* 
cent estimates of the potential scale of this benefit support such a 
claim, though they muat be considered tentative and almost speculative 
at this point in time. 

For solar heating and cooling of buildings (8HAC0B) syatemSt which in- 
clude hot water heating t active heating, active heating and cooling, 
and paasive heating and cooling ayateMi labor eatitates are baae^ on 
limlted/.experience wlth*iK>deat nuiibera of aystema* For aolar ayatems 
which generate electricity* only wind ayatema have any real employment 
history { central thermal » photovoltaic » and ocean thenMl eyeteme* la* 
bor requlremente are baaed alioat iiholly on engineering eetinatee and 
extrapoletiona from related Induetrlee. By contreet» conwMtiomal en* 
•tgy eyateiM (coel elect rle» nttc!ear» oil elactrlci gee aleetric* and 
coal mining) have a conel4erabla body of actual employMnt experience 
on vhich to baM aetimatae of labot raquiremente. While a eM^Miuon 
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of MiployMht, frM systMS vlth such iridtly varying itgrtts of rtliablt 
data is soMvhat uacosfortabla* it is thm only alttrnativt avaiJ.ablt if 

viak tc txaaint rtlativt Ubor inttnaitias today. Tha saalyaaa to 
data yiaXd ovanrhaXmlnt fupport for tha contantion that aolar» aapa-* 
cially SHACOB ayatasf » will raquira worm labor raaonrcaa than conven- 
tional anargy source. w 

In addition to tha relative magnitude of labor required by different 
energy aysteas, the isauea of location^ duration, and occuf/ation of the 
labor required are also important and heretofore have been largely ig- 
nored. Vfhile also soaevhat speculative» analyses of these iasues 
points toward significant and positive benefita of solar energy rela- 
tive to planned conventional electric energy aouvcea* 

While the aaployaent effecta of energy alternatives are conplext they 
can.be classified as eitKr qiwntitative or quilltative effects. The 
iaportance of each of thi^ila effecta variei with the typea of ays tens 
being cofliparadt the propoaed location of the aystem« the scale of the 
geographic area of concern^ end the particular issue of interest to the 
analyst* This paper coapares both the quantitative and qualitative em- 
ployment effects of solar and conventional systems and presents an ana- 
lytical franevork for determining auch effects. 

Findings have been based on three principal sources of information: 

1. Technology characterisations of the Technology AssessMnt of Solar 
Energy (TASE) program from work currently in progress at Argonne 
and the other Dept. of Energy national laboratories [1] » 

2. Published estimates of the labor requirements of solar energy froT" 
^ the Mitre Corporation* the U.S. Dept. of Energy » and several other 

aources 1 2 to 5] » and 

3. Previous work at Argonne on the employment impacts of conventional 
energy systems [6 and 7]. 

METHODS* 

Quantitative Employment Effects 

In order to estimate the total employment effect of a shift from con- 
ventional to solar energy aouf^ea* the following types of employment 
effects must be considered: 

1. Direct Employment required for: 

A. Constructim and/or inatallation 

B. Operation and maintenance (O&M) 

A detailed daaeriytlom of tha methodology » data manipulatlona» data 
aottrcea and aborteamimiat m< additional iafoimation are to be de- 
aeribed la a forthaanlmg Axgomm Hatiomal Uboratory Technical Namo<- 
raadum* 
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c. r^ti supply 

D. Dirtct systM MaufacturlnR md/or asstiri>ly 
E* Entrgy t^ranaalMion «nd/or distribution (T4D) 

2« Indirgct or Stcondsry laploytnt rtquirtd to support dlrtct Miploy«* 
Mnt in stctors such as: 
A. lUv Mtsrisls siolQg tnd proctssiog 
1. Xndirtct or cofponsi.t parts asnufscturing 

C. Busintss strvicts such ss coMunicstions, trsnsportstiont 
finsncingt rtstsrcht Itgsl, ttc. 

D. Rstsil strvicts for vtgt tsmtrs tnd stockholdtrs 

It should bt taphtsittd thtt chtst. tf ftcts rtp^tt thtmstlvts ts tx« 
ptnditurts tnd Mnty rtcyclc through tht tconony. fhty trt gtntr** 
tlly tttiMttd using tithtr tvploystnt aultiplitrs (rttios of tottl 
tmployatnt to dirtct taployntnt) or by using input-output trtns- 
tction ttblts. 

3* Ditpltctmtnt Eaploytttnt , tsptcitlly for soItr» vhtrt it may dis- 
pltct dirtct tnd indirtct svployMnt from convtntiontl tntrgy 
sourest. Displactd tntrgy taployMnt it inporttnt but vary diffi- 
cult to tttiMtt* It dtptndt on tht: 

- typt of tntrgv displtctd 

inpact on: tcity conttructed 

i. tl ute 
-OkH. T&D 

- btck-up tytttm rtquirtM.r,t:t for toltr, tnd the 

- indirtct tfftctt of tny dirtct tmployment dtcrtttes 

Antlytit of thtts tfftctt it t compltx tnd tituttion-tptcific 
tndttvor* 

U. Employntnt tfftctt fron monty tvtiltblt to bt tptnt on othtr con«- 
tumtr or invtttntnt ittmt if toltr tntrgy cottt Ittt ( Rttptncfing 
Efftctt or »onty no longtr tvtiltblt if toltr cottt nort ( Subtti- 
tution I fftctt) > Thit incrtttt or dtcrtttt in tvtiltblt or dit- 
pottblt incoM will htvt tnplbymtnt isptctt vhtn tptnt. Dtttmi- 
nttion of ch^tt tsploymtnt imptctt rtquirtt nacroeconom'^c modtling 
vith dtttiltd inforattion tbout: 

- tht rttl '*"^noBic cott of tlttmttivtt 

- tht tconr t*tctort inptcttd 

- tht Itbor rtntitits of ttctort 

- tht tiainf^ ct txptnditurt thiftt 

- tht tttte >f tht tconoay 

EttiMttt of Itbor rtquirtatntt for conttruction/intttllttion, optrt- 
tion tnd atinttntncti tod futl supply art firtt prtttnttd btttd or rtf- 
trtnctt 1» 2 tnd 7* Mtxt total dirtet» indirtct^ tnd coabintd dirtct 
tnd indirtct tfftctt trt tnalyatd bsstd on dttt froa rtftrtnett 2» 3 
tnd 4, Ntt nttiontl tntrgy toployatnt Including ditpltctatnt tfftets 
trt prtttnttd froa rtftrtnet i. Rttptnding or substitution tfftctt art 
not prtttnttd* though Rodktrg (5] has found thta to bt tvtn grtattr in 
atgnitudt than dirtct and indirtct coibintd. 



QiialiUtiirt teplwent If ftcf 

TIM twlitatiy MployMOt ttftcts of tntrgy alttrnativts Tarjr vlth: 

• lirUtiv« faeilit)f oiit 

^ P>Mk auab«r of taploytts rtquirtd 

• Typt md duration of jobs 

• Ibvocttd locations of facilitits 
T FopuUtion ohifts inductd 

- C o —un ity social structurt 

Vhtrt data is availablt 16, 7] to covpara SdACOBt Solar Eltctric» and 
Convtntional Eltctric facilitits on thtst characttristics» it U pro- 
santtd* Othtfvisa^ ths issut is siiaply discusstd bastd on currant ob- 
sarvations and axpoctations* 



nmiNGs 

Quantitativa aiplbywtnt Effacts 

Tabla 1 prasants tha basic quantitativa data on construction/installa- 
tion* oparationt aaintananca and fual supply for tha syetaiis studiad^ 
including cdnvaraion to noraalisad amployMnt par 10^^ Btu dalivarad per 
yaar« Fifuraa 1 and 2 daaonstrata tha ranga of amployMnt raquiransnts 
aatiaatad for tha diffarant ayataa typas and also tha ivpact vhich con- 
tinuoua oparation» Mintananca» and fual aupply raquiranants can hava on 
aaployMnt. Tha ranga ia graatast for 8HAC0B tachnologias» with passive 
syatans raquiring wdarata awunts of additional construction labor and 
alaoat no oparating and saintananca labor. Tha ralativaly high ringa of 
coaatruction/lnatallatiott lab^r intanaitiaa of 8HAC0B and solar alactric 
ayataaa can ba baan in Figura 1. Figura, 2 ahova tha affact of adding 
qpatationt Mintananca» and .fual aupply raquiraMnta. Tha yaarly clean- 
ing and aaintananca of active hot vatar ayataM (153 l^, yra,/10^^ 
lttt«yr) My ba axcaaaiva. Other ^afarancea do not ahov auch a diaparity 
batwean active Hot water and haa'^L^g ayatams. Coal aining^ both atrip 
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TABLE 1. CXMSTKOCTIOII/IIISTALLATION^ OPERATICm, MAINTENANCE^ AND FUEL SUPPLT 
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(8N) and dttp (DM) cautt9 th« ptak of tht convtntlonal rangt to vovt 
up •ubstantially vlth rttptct to tolar tltctric. 

Tablt 2 prtstQts tht total dirtct and iQdi7tct tvployMnt tstimatts 
for tht aaait ttchnolo|itt at btfort* hoirtvtr, only tolar tltctric tt- 
tiaattt art battd on tht aaat rtftrtnct [2] at in Tablt 1* Hott alto 
that tht «mitt (Bq^loytt-Rourt/lO^' Btu-Tr) art difftrtnt but cos- 
parablt. Tabltt 1 and 2 havt bttn chtcktd and art rtasonably con^ 
titttnt Figurt 3 thovt tht rangtt for total dirtct taployatnt, in- 
cluding dirtct sanufacturing/atttflbly and trantaittion/dittrlbution. 
SHACOB and tolar tltctric tytttmt art coaparablt and tomtvhat hightr 
than convtntional tltctric tytttaa. Vhtii indirtct toploystnt it con- 
tidtrtd in Figurt 4, tht hightr iHiltiplitrt attuatd for SHACOB tytttmt 
(appartntly battd on hightr nattrial cott compontntt of thttt tytttu) 
rttult in tignificantly hightr indirtct taployatnt. Figurt 5 thovt 
tht conbintd tfftctt of dirtct anr* indirtct tvployntnt. 

Figurt 6 thovt tht Dontttic Policy Rtvltw of Solar Entrgy [4] fjgurts 
for ntt tnployntnt undtr thrtt difftrtnt national tctnMriot» tach pro- 
viding tht tant anounc of tnd-utt tntrgy but with incrtating thartt of 
tolar ttchnologitt. Tht numbtrt art cuiQulativt total t for 1978-2000* 
and includt ditplactntnt tfftctt* both dirtct and indirtct » at tolar 
contributtt sort tntrgy and convtntional tourcts contributt Ittt. As 
can be tttn in the future « '-otal tuployntnt incrtasts vlth increasing 
contributiont fron tolar. i.:is demsnttrates that the increared employ* 
nent from tolar acre ihan counterbalances the decreased employment from 
conventional sources. 



Qualitative Employment Effects 

Table 3 presents information on the average size of planneJ energy fa- 
cilities., the peak .number of enployett required to build cr operate tho 
facility, and tht number of countiet in the nation in which that type 
of facility it planned to be conttructed. Thest estimates are based on 
actual tltctric utility plant (6] and hittorical tmployment rtquirtments 
(7]* Exctpt for photovoltaic tolar tltctric tyttems, conventional 
electric tntrgy facilities cause several orders of magnitude higher peak 
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TABLE 2. DIRECT, INDIRECT, AND COHBINED ZMPLOYMEHT ESTIMATES 
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TABLE 3. SOLAR SYSTEMS COMPARED TO PLANNED 
ELECTRIC FACILITIES AND COAL MINING (1, 2, 6, 7] 
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ciployMnt rtquirtMnts at tht sitss of tht facilitit* dut to th.rlr 
largtr sittt In •dditioiip thtlr largtr litt Mano that ftvar artva 
will oxptritnct taployMnt froa thoct aourcta. SRACOB and aoler a^tc- 
trlc ttchnologiaa, on tha othar hand, ara mich aora vidaly diaparaad 
and of aaallar aita. ^ 

Many of tha coal facllitlaa and a nuabar of tha nuclaar facilitiaa ara 
plannad for ralatlvaly iaolatad rural countiaa with low aasimilativa 
capacltiea (low populaticna, low population danaitiaa, low nuabara of 
availabla workara, and locatad at a diatanca froa aatrolopitan araaa) 
Urga naw facilitiac (aaa paak aaployaant column in labia 1) in thia 
typt of county can cauaa aignificant bocm-town affacta aa conatruction 
workara and thair faailiaa algrata to tha work aita for a pariod of 
aavaral yaara. Aa can ba aaan by Mgura 7, low and axtra-low 
aaaimilativa capacity countiaa racaiva a diaproportionata ahara of nav 
facilities (whan coaparad to ahara of population). Figura 8 shows 
that, whan racaiving an avaraga sisa convantional facility, thasa 
counties can axparianca aignificant population shifts into the county 
scnatiaes mora than doubling tha population. * 

The location, duration, and type of jobs required by SHACOB technologies 
are much irore benign in their impact on localities. In fact, there 
appear to be no significant drawbacks of these jobs. They will gener- 
ally be: 

• ihcreaaing atesdily over time 

- aimilar to construction and servicing jobs 

• aaaociated with amaller buainesses 

- where people (job aeekers) already are becauae they are: 

* correlated with conaumption, and 

* not in iaolatad areaa 

To the extant that SHACOB (and aolar electric to a laaser degree) dis- 
placea conventional facilitiea, adverae impacta of conventional energy 
devfclopmenta will be diminished. Solar energy may: 

• decraaaa populatilon and enployment ahifts 

• lower government coata for aervicing auch shifts 

• lower need for impact aaalstance aid 

- incraaae cosnmnity atability 

• offer Aong-term local jobs 
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conausioNS 

Currtnt qu*ntlt«tiv« •iplor««t MtiMtAS alKm «ployMat fro. toUr 
ttehno^ngitB to bt •ubsttntltlly U%Ymt than convtotlonal •l«ctrlc 
ftcllltltB on a itu-4ollv«rod b««ift. Oopoodlni on tht toUt toclmolo- 
iit> con«idtr«d, Con«tTuction/liut«ll«tlon t^loymant has b^n 
Mttd to b« fro« I to IX tlM* tlMS of coovtatlonal oloctrlc seurcM. 
Total Dlrtct oaploy-tnt la fro» 1/2 to 4 tl»t«. Indlrtct oaployBtnt la 
1 to 10 tlMB, and Total Cortlnod Ii^)loyiMnt la 1 to 5 tlMa that of 
eonvtntlonal onargy aourca. Mt total a«ploy««nt In tha anargy aactora 
for tha nation undar aolar acanarloa haa ta«n aatlaatad to ba hlghar aa 
wtll. 

Qualltatlva anployaant affaeta of aolar ara ganarally auch aora poaltlva 
than convantlonal anargy facllltlaa due to thalr a»all al«a, 'llaparaad 

locationa, and gradual loplcocntation. 
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